Terminology in morphological and zoological sciences is enormously important. Proper denomination of individual structures of the animal / human body from the microscopic point of view has an irreplaceable role in unambiguous understanding and communication among scientists regardless of their field of expertise. The year 2008 can be considered a crucial year in the developing of internationally accepted histological terminology, because it was the year when the first internationally renowned human histology nomenclature Terminologia Histologica was published. The current version of the Terminologia Histologica contains also the description of many microscopic organs and structures whose presence in different animal species is widely accepted, however their presence in humans is disputable. Typical examples are the haemal lymph nodes and haemal nodes, mentioned in the chapter Lymphoid organs which are secondary lymphoid organs found in many different mammalian species, but also in some birds. They are capable of performing haematopoietic and immunological functions but in the absence of lymphatic system pathology, no structures resembling haemal nodes / haemal lymph nodes have been detected in humans. Neurohaemal organs are mentioned within the chapter Endocrine system. Neurohaemal organs are known by different names, depending on the animal species studied, e.g. corpora allata or abdominal perisympathetic organs. To this date, these structures have been described in many different invertebrate species, but neurohaemal organs are also found in some lower vertebrates, in which the neurohaemal organ is referred to as "urophysis". According to our opinion, structures called neurohaemal organs in invertebrates are counterparts to circumventricular organs found in vertebrates, but cannot be named as such. Another somewhat controversial term mentioned in human histological nomenclature is the vomeronasal organ mentioned in the chapter Respiratory system. It is a specialized organ, which forms an integral supportive part of the olfaction of many mammalian species and reptiles. It is believed that the main function of vomeronasal organ is to regulate various behavioral aspects of intraspecies interaction by facilitating the detection of pheromones. The function and even existence of the vomeronasal organ in humans is a source of significant dispute among researchers. Some of them stated that vomeronasal organ disappears during fetal development, with except the vomeronasal duct. On the other hand, there are also authors who concluded that the vomeronasal organ is definitely present in adult humans. Similarly disputable question is the presence of multinucleated plasmodia in human body. This opinion article aims to open a wide scientific discussion concerning the importance and aptness of the inclusion of these terms in the human histological nomenclature despite they are probably exclusively zoological.
Introduction
Terminology in morphological and zoological sciences is enormously important, similarly to its importance in human medical sciences. Proper denomination of individual structures of the animal / human body, whether from the perspective of gross anatomy, or from the microscopic point of view, has an irreplaceable role in unambiguous understanding and communication among scientists regardless of their field of expertise. The anatomical terminology dates back to ancient Greece and Rome, to more than two thousand and five hundred years ago. The end of the nineteenth century culminated in the first anatomical nomenclature, the Basiliensia Nomina Anatomica. Despite that, there was not a full consensus in the Latin anatomical nomenclature until as late as 1955. A new era with one worldwide fully accepted Latin nomenclature was eventually commenced by the publication of Parisiensia Nomina Anatomica. After that, several follow-up revisions were published to eventually reach the current last revision of the Latin anatomical nomenclature Terminologia Anatomica, issued by the Federative Committee on Anatomical Terminology and published in 1998 (Kachlik et al. 2008 (Kachlik et al. , 2015 (Kachlik et al. , 2016 .
The initial knowledge of the microscopic structure of different animal / human bodies has been continuously broadening thanks to the development of new specialized staining and microscopic techniques, discovery of the electron microscope, or later application of methods of histochemistry and immunohistochemistry into routine tissue examination. This dynamics of knowledge accumulation inevitably brings the necessity of terms to describe and denominate these newly discovered structures. Because of this, 2008 can be considered a crucial year in this regard, because it was the year when the first internationally renowned human histology nomenclature Terminologia Histologica (TH) was published (FIPAT 2008) . According to Allen (2009) : "Terminologia Histologica contains terminology for cellular structures, tissue and organs at the microscopic level. The book present the Latin term for each structure accompanied by the term in current usage in English-speaking countries." Since the Terminologia Histologica is oriented exclusively to description of human cellular and tissue structures, there was also an urge to compile a similar nomenclature describing the microscopic structures within the animal kingdom, so in 2017 the first edition of internationally accepted veterinary histological nomenclature Nomina Histologica Veterinaria was published (ICVHN 2017) .
The current version of the human Terminologia Histologica contains also the description of many microscopic organs and structures whose presence in different animal species is widely accepted, however their presence in humans is disputable. This opinion article aims to open a wide scientific discussion concerning the importance and aptness of the inclusion of these terms in the human histological nomenclature despite they are probably exclusively zoological.
Material and methods
A thorough, systematic and in-depth analysis of the current internationally accepted histology nomenclature "Terminologia Histologica: International Terms for Human Cytology and Histology " (FIPAT 2008) . The analysis was focused on finding of those disputable structures, which are presumably present in animals, but are absent in humans. It is important to note that the opinions of different experts vary considerably.
Results and discussion

Haemal lymph nodes and haemal nodes
Haemal lymph nodes and haemal nodes, mentioned in the chapter Lymphoid organs of the TH, are peculiar secondary lymphoid organs found in many different mammalian species, but also in some birds. They are capable of performing haematopoietic and immunological functions. These lymphoid organs were described in detail in water buffalos (Zidan and Pabst 2010) , cattle (Cerutti et al. 1998; Zhang et al. 2013) , goats (Bozkurt et al. 2018) , dromedary camels (Zidan and Pabst 2004) , pigs (Doboszyńska 2002; Akaydin and Kabak 2006) , domestic yaks (Huang et al. 2019) , roe deer (Akaydın Bozkurt et al. 2018) or rats (Castenholz and Castenholz 1996) . In spite of that, these organs are in general not known to many immunologists, they are not mentioned in most immunological textbooks, and their presence in humans is controversial until today. What can possibly be considered as description of haemal lymph nodes in humans was published in 1884 by Gibbes who made an interesting discovery during a dissection of renal artery and vein in three human subjects. He described the microscopic structure of "small bodies which I at first thought were lymphatic glands" as follows: "The great peculiarity of this structure consists in these blood-vessels opening directly into the spaces between the cell masses and fibrous trabeculae". The conclusion of Gibbes (1884) was: "From the above it will be seen that I have found this peculiar gland, resembling a lymphatic gland somewhat, but having blood circulating in it instead of lymph in three cases, and these were consecutive; it would, therefore, seem to be a permanent structure". Apart from this, more than 130 years old, notion of human haemal lymph nodes, we did not find any scientific article mentioning haemal lymph nodes in humans in the PubMed database (PubMed comprises over 29 million citations for biomedical literature from MEDLINE, life science journals, and online books).
Haemal lymph nodes and haemal nodes share structural and functional similarities with both the spleen and the lymph nodes. Their hypothetic functions are related to the storage and filtration of the blood, formation of blood cells and immunological defense (presence of secondary lymphoid follicles responsible for antibody production) (Akaydin and Kabak 2006; Pabst 2004, 2010) . Ezeasor et al. (1989) described the process of phagocytosis in haemal lymph nodes in caprine. Nevertheless, even the mechanism by which erythrocytes enter the parenchyma of the haemal node is still controversial (Zhang et al. 2013) . Haemal lymph nodes and haemal nodes are dark to brown-red, small, bean-shaped or spherical encapsulated organs (2-12 mm in diameter), typically embedded in adipose tissue (Zidan and Pabst 2004) . Anatomically they are localized alongside the inferior vena cava and abdominal aorta, near lymph nodes, and especially around blood vessels in the mediastinum, abdominal cavity, mesentery, and pelvic cavity (Akaydın Bozkurt et al. 2018) . Goat haemal nodes house a large population of T-lymphocytes, B-lymphocytes, macrophages and S100-protein positive (probably dendritic) cells (Bozkurt et al. 2018) .
The ambiguity of these organs is underlined by terminological inconsistency -haemal lymph nodes are sometimes mentioned only as a synonym for haemal nodes or blood containing lymph nodes (Bogacz et al. 2000) . However, some researchers consider haemal nodes and haemal lymph nodes as individual entities. According to one definition, haemal nodes have no efferent or afferent lymph vessels and contain blood-filled sinusoid capillaries only. These are peculiar to ruminants (Zidan and Pabst 2010; Zhang et al. 2012 ) and pigs (Akaydin and Kabak 2006) . On the other hand, haemal lymph nodes contain both afferent and efferent lymphatics, and both blood and lymph sinusoid capillaries within the parenchyma. They are typical in other mammals, such as rats (Castenholz and Castenholz 1996) , or dromedary camels (even though camels are ruminants; Zidan and Pabst 2004). As we have already mentioned, this classification is not uniform, what is reflected for example in a work by Salazar (1984) who described "haemal lymph nodes which are separate from the lymphatic system" in bovine ruminants. According to previous definition, these described small lymphoid organs should be classified as "haemal nodes".
On top of the uncertainty regarding haemal nodes / haemal lymph nodes in animal species, their occurrence in humans is even more dubious. Besides the scarcity of human studies investigating haemal nodes / haemal lymph nodes, they are allegedly present only in disease state (with the exception of the abovementioned description by Gibbes from 1884). What is necessary to mention in this regard, is that extramedullary haematopoiesis may occur in axillary lymph nodes of breast carcinoma patients receiving neoadjuvant chemotherapy (Lytle et al. 2019; Badr et al. 2019) or during chronic myeloid leukemia (Devi et al. 2019 ). This can be potentially confusing for inexperienced histologists, since these pathologically altered lymph nodes may resemble haemal / haemal lymph nodes of other animals. In the absence of lymphatic system pathology, no structures resembling haemal nodes / haemal lymph nodes have been detected in humans in the proximity of splenic nodes (Bogacz et al. 2000) . For these reasons, we deem the inclusion of haemal nodes / haemal lymph nodes in the Terminologia Histologica redundant.
Neurohaemal organs
Neurohaemal organs are mentioned in the TH within the chapter Endocrine system, in the following footnote reference: "This term originally introduced for organs in crustaceans in which neurosecretory fibres release hormones into the bloodstream -Cerlise DB, Knowles FGW. Neurohaemal organ in Crustaceans. Nature London 1953, 172: 404-405 . Is now widely applied to similar organs in mammals, including humans." According to a recent description, neurohaemal organs represent a diverse set of organ-like structures of many invertebrate taxa. As the name suggests, these organs are found within the nervous tissue in the close vicinity of blood vessels. They comprise of dilated axonal endings, and a palette of various cell types, whose main function is to store and release neurosecretory substances directly into the bloodstream, along with many other functions. Neurohaemal organs are known by different names, depending on the animal species studied, e.g. corpora allata or abdominal perisympathetic organs (Predel and Gäde 2005) . To this date, these structures have been described in many different species, from a wide variety of taxons ranging from the house cricket Acheta domesticus (Linnaeus, 1758) (Weber and Gaude 1971) , through the soft tick Argas arboreus (Roshdy and Marzouk 1982) , to the turnip moth Agrotis segetum (Denis & Schiffermüller, 1775) (Cantera et al. 1992) . Neurohaemal organs are also found in vertebrates, e.g. in cyprinid fish tor mahseer Tor tor (Hamilton, 1822) (Qureshi et al. 1978) , and sturgeon Acipenser ruthenus (Linnaeus, 1758) (McMaster et al. 1992) , in which the neurohaemal organ is referred to as "urophysis". Neurohaemal organs are sometimes very loosely defined, what can be problematic from the terminological point of view. Fortunately, Joly et al. (2007) published an excellent review paper titled rather poetically "Windows of the brain: towards a developmental biology of circumventricular and other neurohaemal organs". In this article, authors made in clear, that structures called neurohaemal organs in invertebrates are counterparts to circumventricular organs found in vertebrates, but cannot be named as such. The reason lies in the anatomical differences of the nervous systems between these two large taxons. While invertebrates have significantly less complicated structure of the nervous system composed largely of ganglia without anatomically defined ventricles, the brain of vertebrates is considerably more complex and contains system of brain ventricles (Joly et al. 2007 ). It follows that circumventricular organs found in vertebrates are functionally similar and closely related to neurohaemal organs of invertebrates, yet much more complicated in structure. Regarding the human neurohistology, it is debatable whether the circumventricular organs and neurohaemal organs can be considered as synonyms, or the term neurohaemal organ should be used exclusively in studies and textbooks on invertebrates.
Vomeronasal organ
The vomeronasal organ (VNO) is mentioned in the chapter Respiratory system, in the part concerning the histological description of the nasal cavity. The VNO is a specialized organ, which forms an integral supportive part of the olfaction of many animal species for example in brown bear (Tomiyasu et al. 2017) , horse (Lee et al. 2016) , giraffe , or even in mouse (Aland et al. 2016; Salazar et al. 2016 ) and reptiles (Mangiacotti et al. 2019) . It is believed that the main function of vomeronasal organ is to regulate various behavioral aspects of intraspecies interaction by facilitating the detection of pheromones. In reptiles, the VNO is connected to lacrimal drainage system -the secretions of orbital gland flow into the nasolacrimal duct and then pass down to the VNO together with soluble pheromones from the air (Ali et al. 2019) . Functional aspects of the human VNO are a subject of debate, because no accessory olfactory bulbs which receive information from the vomeronasal receptor cells are present (D'Aniello et al. 2017) . Wessels et al. (2014) reported that the VNO has an endocrine function (rich capillary bed underlying VNO cells and secretion of calcium-binding protein).
VNO is also known as Jacobson's organ, an eponym which reflects a thorough documentation of this organ in many animal species by Ludwig Jacobson, Danish surgeon from the beginning of the nineteenth century. The first to describe the human VNO was a German scientist Samuel Thomas von Sömmerring in 1809 . In spite of that, the real existence of VNO in humans is controversial until today. On top of that, McGann (2017) denied the presence of the VNO in adult humans in an article "Poor human olfaction is a 19 th -century-myth" published in the Nature journal. According to other authors, all structures of the VNO regress except the vomeronasal duct (Witt and Wozniak 2006) , so the importance of this structure in human development may be questionable. Mladina et al. (2017) hypothesized that VNO could be the source of pneumatization of the nasal septum during human development. The orifice of the vomeronasal duct can be observed in about 2/3 of the population at the junction between the cartilaginous septum and the vomer, 2 cm from the nares (visible as an invagination of the nasal mucosa). Especially otorhinolaryngologists may think about its presence during nasal endoscopy (Roussel et al. 2018) .
While its presence in animals is well documented, its function and even existence in humans is a source of significant dispute among researchers. For example, Kjaer and Fischer Hansen (1996) stated that VNO disappears during fetal development. Apart from the literature cited, the vomeronasal organ is very nicely shown e.g. in the famous Hinrichsen's Embryology (Hinrichsen 1990) in the human embryo (26 mm, Carnegie stage 22). On the other hand, there are also authors, who think that the dispute regarding the presence/absence of the VNO in humans in totally out of question. concluded, that the VNO is definitely present in adult humans during normal physiological conditions. The authors provided well illustrated figures underlining their conclusions. What the authors consider a definite proof of its genuine presence in humans is that this organ has been extensively documented from its discovery using different approaches including computed tomography and magnetic resonance imaging . Other authors claim that the VNO might persist in some individuals while it does not in others and it is not certain at what age it regresses. For example, Trotier et al. (2000) found that a vomeronasal pit was present in up to 73% of individuals at some age. Falci et al. (2013) showed the association of the VNO with some pathologies. Would it really be advisable to remove a structure from the TH which is linked to pathological conditions in clinical medicine? In contrast, some authors stand the opinion that humans have no accessory apparatus aiding the olfaction whatsoever, including the VNO (Witt and Wozniak 2006; McGann 2017) .
Despite the controversial nature of the VNO in humans, it is included in the official nomenclature Terminologia Histologica. It is worth considering whether its inclusion in the TH is appropriate, or it should be left out until the scientific community finds the consensus regarding its genuine presence in adult humans (and not only during prenatal development).
Plasmodium versus syncytium in humans
Plasmodium contains many nuclei, which are produced by dividing existing nuclei without subsequent cell division (cytokinesis). Plasmodia are best known from slime molds, but are also found in parasitic Myxosporea, and some algae, but not in humans. Interesting is the cell cycle of malaria parasites of the protozoan genus Plasmodium, since its parasitic form of replication leads to the formation of multinucleated host cells, such as the Plasmodium oocyst in the mosquito midgut or the Plasmodium schizont in human red blood cells. Parasite nuclear division is thus not immediately followed by host cell division (Arnot 2013) . According to the mentioned description of plasmodium, we think that it should not be used in human histological terminology. The mechanism of human multinucleated cell formation is usually a matter of the fusion of originally mononucleated cells, resulting in a structure known as syncytium. The fusion of mononucleated myoblasts into multinucleate skeletal muscle fiber is one of the most typical examples of syncytium formation in the human body (Xie et al. 2017) . Another examples of syncytia in the human body are multinucleated bone cells "osteoclasts", responsible for bone resorption (Jacome-Galarza et al. 2019), or syncytiotrophoblast during implantation and chorionic villi formation (Cierna et al. 2016) . Also monocytes, a type of white blood cells, are able to undergo fusion to produce different types of multinucleated giant syncytial cells, such as Langhans cells in response to Mycobacterium tuberculosis (Koch, 1882) infection or foreign body giant cells in response to implanted biomaterials (Champion et al. 2018 ).Last but not least, it is necessary to mention that some cells in the human body are able to perform endomitosis without subsequent cytokinesis, resulting in cells possessing two nuclei (hepatocytes, urothelial umbrella cells, cardiac muscle cells) (Gentric et al. 2012; Polák et al. 2012; Miko et al. 2017 ).
The term "binucleated cell (cellula binucleata)" is already included in TH, at the beginning of the chapter Cytology. In contrast to plasmodium formation which results in multiple nuclei (more than three), cells resulting from this process contain exactly two nuclei, so these processes cannot be considered alike.
Conclusion and further perspectives
Any new terminological suggestion supported with reference, citations, figures can be send to the FIPAT either by individuals or gathered by National Anatomical Scientific Society. Any new histological experiment using laboratory animals has to be verified also in humans before this new knowledge can be implemented into the TH. One example is a new discovery of sublayers within the external layer of arteries (superficial to tunica media), described by Witter et al. (2017) in pigs, cats and dogs. This knowledge can be also beneficial for human vascular surgery, but it is crucial to verify this knowledge in humans before implementation into clinical practice. We hope that a wide scientific discussion will develop before the publication of the second edition, so perhaps the mentioned controversies regarding the zoological terms will be settled and the new edition of the TH will become truly an internationally accepted communication tool for all human histologists. The aim of this opinion article is to draw attention to expert discussion which would initiate and finally resolve the issue of the presence of these organs in humans. If the conclusion of such discussion will be negative, it would be appropriate to remove them from the next edition of the Terminologia Histologica. Alternatively, there is also a possibility to add the veterinary terms also to the human Terminologia Histologica, however, it would be necessary to mark them, e.g. with a # or *, or in a different color.
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